Summary -Dairy starter strains Streptococcus thermophilus CNRZ 385 and CNRZ 703 coagulatad low heat skim milk in 3 h while the raference strain CNRZ 302 required more than 10 h. The high acidification rates of these 2 strains (H-strains) were correlated with the presence of a 10-and 7-fold increase in proteinase activity as compared to 13 other randomly chosen strains (L-strains), including the reference strain CNRZ 302. The level of proteinase activity in M17 broth was similar ta the activity of the Prt+ Lactococcus lactis ssp lactis strain CNRZ 1076. Proteinase activity of S thermophilus H-strains was found ta be cell wall-associated and was not released in the absence of CaCI 2 as in the case of L lactis strains. The relevance of these proteinase activities in relation to high acid production rates was confirmed by a proteinase-negative mutant whose growth and proteinase activity were reduced to levels observed for the L-strains. 
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INTRODUCTION
Growth of lactic acid bacteria in milk depends on their ability to metabolize nonlimiting concentrations of lactose (45-50 gl 1), and to hydrolyze caseins which represent '" 80% of milk proteins and are considered to be the main nitrogen source. In milk, the concentration of free amino acids and low molecular weight peptides is very low and allows growth to a cell density corresponding to 8-16% of the maximum found wh en caseins are utilized. These levels are weil below the minimum necessary to support rapid acid production (Thomas and Pritchard, 1987) . Consequently, for further growth, the starter bacteria have to utilize caseins which are hydrolyzed to peptides and amino acids by extracellular proteinases and peptidases.
Streptococcus thermophilus is a thermophilic lactic acid bacterium used in the production of many fermented milk foods (Accolas et al, 1980) . Usually, S thermophi/us strains are unable to decrease the pH lower than 5.2, and for this reason they are commonly mixed with other starter strains such as lactobacilli.
Earlier reports indicate that S thermophilus CNRZ 385 is a higher acidifying strain in milk than strain CNRZ 302 (Accolas et al, 1977; Souillane and Desmazeaud, 1980) . Aldolase activity was also 10-fold higher in strain CNRZ 385 th an in strain CNRZ 302 . Moreover, Lactobacillus extracts did not stimulate growth of strain CNRZ 385, as was observed for strain CNRZ 302 (Hemme et al, 1981 a) . These findings suggested that strain CNRZ 385 could maintain a neutral internai pH for a longer time than strain CNRZ 302, thus enabling it to grow at low external pH values (Hem me et al, 1980 (Hem me et al, , 1981b .
The aim of this study was to better understand the basis of enhanced acidifying ability of high acidifying organisms such as S thermophilus CNRZ 385.
MATERIALS AND METHODS
Strains and culture media
Ali Streptococcus thermophilus strains used in this study (98 strains) were obtained from the CNRZ collection at Jouy-en-Josas, France. Strain CNRZ 385, isolated from a Japanese yoghourt in 1971 and strain CNRZ 703, isolated from a Mongolian yoghourt in 1974, are ''fast acidifying strains" (see Accolas et al, 1977) . Strain CNRZ 302 isolated from Gruyère cheese in 1964 was a "standard" strain representative of the average acidifying ability in milk of most strains of S thermophilus. Lactococcus lactis ssp lactis proteinase-positive (Prt') strain CNRZ 1076 and the corresponding proteinasenegative (Pit") variant L lactis ssp lactis CNRZ 1075 were utilized as L lactis references.
Two culture media were used: low heat skim milk powder (NIZO, The Netherlands), reconstituted (10% wlv) with sterile water, and M17 medium with 10 9 lactose/l (Terzaghi and Sandine; 1975) . Inocula (2%) from precultured strains in the same medium were used for experimental cultures at 42 -c.
Production of the mutant strain
Mutants from strain CNRZ 385 were obtained by N-methyl-N'-nitro-N-nitrosoguanidine (NTG) mutagenesis, as described by Renault and Heslot (1987) . Selection of proteinase-negative mutants was carried out by plating mutagenized cells on fast slow differential agar (FSDA), which is an efficient means of differentiating the Prt+ L lactis strains and their Pit" variants according to colony size (Huggins and Sandine, 1984) . Mutants with a Pit" phenotype were then tested for growth in M17 broth, carbohydrate utilization on API 50 CH and for different enzymatic activities on API ZYM (API, la Balme-les-Grottes, France). One mutant (CNRZ 1357) , that was similar to the parental strain except for growth on FSDA medium and in milk, was chosen for this study.
Assay of proteinase activity
Cultures grown in M17 medium were harvested at the end of the exponential growth phase. Cells were centrifuged at 12 000 g for 10 min at 4 oC, washed twice in 50 mrnol.t ' Trishydrochloride (pH 7.0) and resuspended at a concentration of 0.1 9 of cells (wet weight) per ml of buffer. To prepare cell wall fractions, S thermophilus cells from 500-ml batch cultures were harvested at the end of the exponential growth phase. The pellets were suspended in Na-phosphate buffer 50 mmol.l-1 (pH 7.0) and stored at -30 oC overnight. After cells had been disrupted 10 limes (10 tons pressure) by an Xpress apparatus (Nike 43 HO 30 T, Sweden), the suspension of disintegrated cells was thawed, supplemented with ONAse and RNAse (both 10 Ilg/ml) and incubated for 30 min at room temperature. Cell fractions were separated by centrifugation: whole cells were eliminated at 500 g for 15 min and cell wall/membrane fractions were obtained at 12 000 g. After a 3D-min incubation with Triton X-100, (0.05% final conc), cell membranes remained in the 8 000 g supernatant.
Proteinase activity was assayed as described by Monnet et al (1987) using 0.1% 14C_ methylate whole casein (specifie activity 7.3 MBq/g) prepared as described by Oonnelly et a/ (1980) . To 100 III of casein was added 100 III of cells (10 mg wet weight) or cell wall fractions (400 ng of protein). One unit of activity is defined as the percentage of 14C-methylated whole casein hydrolyzed after 10 min.
RESULTS
High acidification of low heat skim milk by strains CNRZ 385 and CNRZ 703
S thermophilus strains CNRZ 385, CNRZ 703, CNRZ 302 and the Prt-mutant CNRZ 1357 were compared for their ability to acidify low heat skim milk during growth by using the pH meter. High acidifying strains CNRZ 385 and CNRZ 703 required only 3 h of incubation to decrease the pH to 5.0 (condition where coagulation began), while more than 10 h were required for both normal acidifying strain CNRZ 302 and mutant CNRZ 1357 (fig 1) .
The high acidification rate of milk correlated with increased production of L(+)-lactate and galactose which accumulated in the medium (results not shown).
No marked difference in growth or acidification occurred between strains CNRZ 385 and CNRZ 703 strain CNRZ 302 and the CNRZ 1357 mutant when grown in M17 broth (fig 2) . NCDO 763 (Monnet et al, 1987) , no significant extracellular proteinase activity was observed in the absence of CaCI 2 .
Proteinase activity in cell wall fractions of strains CNRZ 385, CNRZ 703, CNRZ 302 and the CNRZ 1357 mutant were determined with 14C-methylated whole casein. As for whole cell activity, 10 and 7-fold higher activities were found in cell wall fraction from strains CNRZ 385 and CNRZ 703 respectively, as compared to the Lstrain CNRZ 302 and the CNRZ 1357 mutant (results not shown).
Distribution of proteinase activity in S thermophilus strains
Since the fast slow differential agar (FSDA) was an efficient medium for differentiating H-strains which gave large colonies from L-strains which gave small colonies (fig 3) , 95 other strains of S thermophilus were tested on this medium ta study the distribution of prateinase activity in this species. None of these strains displayed the typical characteristics of H-strain colonies. Moreover none of these 13 strains, randomly chosen from the aforementioned 95 strains, showed marked proteinase activity using the 14C-methylated whole casein assay (table 1) .
DISCUSSION
These results represent the first report that high proteinase activity is associated with the cell wall of some S thermophilus strains. High proteinase activity of strains CNRZ 385 and CNRZ 703 (H-strains) correlated with a high acidification rate for low heat skim milk compared to the normal acidifying strain CNRZ 302 and the Prrmutant CNRZ 1357 (L-strains). No differences in growth and acidification were observed between H-and L-strains in M17 broth. Similar findings were also reported for L lactis ssp lactis C2 by Citti et al (1965) . The fact that H-strains acidify low heat skim milk but not M17 medium more rapidly than L-strains could be directly related to the presence of sufficient concentrations of utilizable nitrogen in M17 medium.
Results from this study also confirm previous findings in that most strains of S thermophilus including CNRZ 302 were stimulated by addition of Lactobacillus extracts containing protease, but not strain CNRZ 385 (Hemme et al, 1981a) . High proteinase activity of the H-strains allowed these strains ta utilize entire milk proteins as a nitrogen source more efficiently than the Lstrains. In addition, H-and L-strains were (fig 1) th an in autoclaved milk which presents partial degradation of casein (Tyler and Weiser, 1942; Foster, 1952; Auclair 1964; Lorient et al, 1977) .
Studies involving the mutant CNRZ 1357 showed that the loss of fast acidifying ability in milk was correlated to the loss of high proteinase activity. Localization of proteinase activity in the cell wall was important for rapid growth of S thermophilus H-strains in milk. The L-strains grew better in low heat milk th an Prt" variants of L lactis (results not shown). A possible explanation is that the L-strains, when grown in milk, possess higher proteinase activity th an the Prt" L lactis. For this reason, these strains probably should be called Lstrains rather than Prt" strains.
To confirm that both H-strains CNRZ 385 and CNRZ 703 were correctly identified as S thermophilus species, DNA hybridization was performed between DNA from the specifie S thermophilus probe pNST21 (Colmin et al, 1990) and DNA of strains CNRZ 385 and CNRZ 703 as weil as the S thermophilus type strain (ATCC 19258 or NCDO 573) . The specifie S thermophilus probe strongly hybridized with the 4 strains tested, while no signal was observed against DNA from ail other genera examined (Fayard, Colmin and Accolas unpublished results).
The advantage of introducing an analogous protease system in other strains of S thermophilus can be foreseen. It could also be interesting to manufacture fermented milk with pure H-strains of S thermophilus, without the use of heat-treated or supplemented milk, as is commonly done (Marshall et al, 1982) .
A third H-strain (CNRZ 1447), isolated by Nestec SA, 8witzerland, froman Indian fermented milk (Dahi), has been found since acceptation of the paper.
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